Background
Worldwide, metastatic melanoma of the skin has an aggressive course with high morbidity and mortality, and the incidence of melanoma continues to increase. Although non-metastatic primary melanoma of the skin has a favorable outcome if diagnosed early, metastatic melanoma can be fatal. Therefore, an improved understanding of the pathogenesis of metastatic melanoma has gained increasing attention, including the role of epigenetic modification and competing endogenous RNA (ceRNA). In 2017, the US National Cancer Database identified 80,907 patients with stage 0-IV melanoma and analyzed the patterns of patient outcome [1] . The occurrence and progression of metastatic melanoma arise due to the separate or combined action of genetic and epigenetic factors [2] [3] [4] .
Recent studies have been undertaken to determine the genetic associations with the progression of melanoma, including the epigenetic mechanisms that modulate gene expression, such as gene methylation, changes in chromatin, and the roles of noncoding RNAs [5, 6] . The functions of microRNAs (miRNAs) in melanoma have been relatively well studied [7] , but some differentially expressed long noncoding RNAs (lncRNAs) can also modulate essential genes [8] . The findings of these studies indicate that genetic factors influence the functions of signaling pathways that interact to form ceRNA networks.
In the pathogenesis of melanoma, the ability of tumor cells to migrate and metastasize is an important property. During this complex regulatory process, the mRNAs of tumor cells and the proteins they encode become abnormal, while the involved noncoding RNAs exhibit spatial and temporal specificity and include miRNAs. For example, miRNA-331 can inhibit the proliferation and metastasis of melanoma cells by downregulating AEG-1 gene expression [9] . Recently, the lncRNAs have also been identified as noncoding RNAs that participate in the regulation of gene and protein expression at the epigenetic level [10] . There has been increasing interest in the role of lncRNA in the regulation of the function of miRNA by acting as endogenous sponges to regulate mRNA. Therefore, an increased understanding of the processes involved in the development of the ceRNA network in melanoma may result in improved understanding of the mechanisms involved of metastasis of melanoma.
This study aimed to used bioinformatics data to undertake an integrative analysis of lncRNA, miRNA, and mRNA expression to construct a ceRNA network in metastatic melanoma. Data from the Cancer Genome Atlas (TCGA), the Gene Ontology (GO) database, and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway were analyzed and cases of non-metastatic melanoma and metastatic melanoma were compared.
Material and Methods
Dataset selection from The Cancer Genome Atlas (TCGA) Data were downloaded from The Cancer Genome Atlas (TCGA) (https://cancergenome.nih.gov/), and level 3 counts data were analyzed. There were 471 cases of metastatic melanoma that included transcriptome sequencing data, including long noncoding RNA (lncRNA) and mRNA, and 452 cases of microRNA (miRNA) sequencing data. Of the 471 samples, there were 103 primary solid tumors and 368 metastatic melanoma samples.
Selection of differentially expressed genes
Differentially expressed genes were compared between cases of metastatic melanoma and non-metastatic primary melanoma and were processed and analyzed using the edgeR package in R language version 3.4.4. Using the fold change (FC), the standard for differential expression was logFC ³2 and false discovery rate (FDR) <0.05. The significant difference in miRNA data was logFC ³1 and FDR <0.05.
Gene Ontology (GO) analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis
Gene Ontology (GO) analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of mRNA was performed using the R language version 3.4.4 cluster Profiler, org.Hs.eg.db genome-wide annotation, the pathview R package, the topGO package, and the enrichplot package to analyze enrichment status. The ggplot2 package to was used to create graphics in R. An FDR <0.05 was used to compare the results.
Interactions between miRNAs and mRNAs and between IncRNAs and miRNAs
The relationship between miRNAs and target mRNAs was analyzed using three databases that included the miRDB database for miRNA target prediction, the miRTarBase database containing miRNA-target interactions (MTIs), and TargetScan to predict biological targets of miRNAs. The intersection of the results predicted by the three databases was used to make the final determination. The relationship between IncRNAs and miRNAs was analyzed to predict the target site binding using the miRcode database.
Construction of the competing endogenous RNA (ceRNA) network
The competing endogenous RNA (ceRNA) network was constructed from the data of the differential expression of miRNAs, mRNAs, and IncRNAs. The cross-linking relationship and network construction were performed using Cytoscape version 3.6.0.
Survival analysis
The survival diversity of differentially expressed miRNAs, mRNAs, and IncRNAs were analyzed, and the results of the survival analysis of miRNAs, mRNAs, and IncRNAs involved in ceRNA regulation were evaluated. The analysis was conducted using the survival package of R language 3.4.4 and used the Cox regression model.
Results
Identification of differentially expressed mRNAs (DEmRNAs), differentially expressed long noncoding RNAs (DEIncRNAs), and differentially expressed microRNAs (DEmiRNAs) There were 368 tissue samples of metastatic melanoma that were compared with 103 tissue samples from cases of primary melanoma. Data processing identified the mRNA of 426 upregulated genes, including C7, CR1, LIFR, SFTPB, TNFSF11, and ADAMTSL3, in tissue samples of metastatic melanoma and mRNA from 430 down-regulated genes, including CNFN, TGM1, S100A9, ASPRV1, CYSRT1, and S100A8). The volcano maps and heat maps are shown in Figures 1 and 2 Table 1 .
mRNA Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis in metastatic melanoma
The Gene Ontology (GO) database offered structured or controlled vocabularies and classifications concerning many molecular and cellular domains. In total, 856 differentially expressed genes were analyzed with the GO database. There were 74 differentially enrichment terms involved in biological processes, including 19 in the cellular component. The ten main terms are shown in Table 2 and Figure 3 . In the Kyoto Encyclopedia of Genes and Genomes (KEGG) database, 13 KEGG pathways of the differentially expressed mRNA were identified. The ten main pathways are shown in Table 3 and Figure 4 .
Interactions between miRNAs and mRNAs and between IncRNAs and miRNAs
In total, 1591 pairs of miRNA-mRNA interactions were predicted by miRDB, miRTarBase, and TargetScan databases, and 57 pairs of IncRNA-miRNA interactions were predicted using the miRcode database. The construction of the competing endogenous RNA (ceRNA) network was visualized using Cytoscape. There were 77 pairs of interactive relationships identified, but only two mRNAs, TMEM100 and LUZP2, were involved in the miRNA-IncRNA interaction. In total, 16 pairs of miRNA-mRNA interactions and one pair of miRNA-IncRNA interaction were found. The mRNA, lncRNA, and miRNA network is shown in Figure 5 .
Survival curve analysis
The differential expression of 58 IncRNAs, 221 mRNAs, and eight miRNAs were correlated with the patient survival time. Survival analysis identified seven differentially expressed mRNAs, five differentially expressed miRNAs (miRNA-29c, miRNA-100, miR-142-3p, miR-150, and miR-516a-2), and six differentially expressed lncRNAs (AC068594.1, C7orf71, FAM41C, GPC5-AS1, MUC19, and LINC00402) that were correlated with reduced survival time in patients with metastatic melanoma. The patient survival curves of the relationships between IncRNAs, mRNAs, and miRNAs are shown in Figures 6-8 , respectively.
Discussion
Several large epidemiological studies of the incidence and mortality rates from melanoma have shown that the incidence of metastatic melanoma has steadily increased over the past 50 years [12] . During the study period from 1993 to 2012, the overall incidence per 100,000 persons rose from 0.11 to 0.19. In 2012, there were 232,000 new cases of melanoma in the world with 55,000 deaths [13] . The clinical management of melanoma results in a large health and economic burden, which includes the requirement to develop new chemotherapy agents, surgical procedures, and patient care [14] . The long-term survival rate can be improved if early-stage or non-metastatic primary melanoma can be correctly diagnosed and completely surgically excised. The long-term survival rate after the occurrence of metastasis remains very low [15] .
Advances in gene sequencing techniques and the development of bioinformatics databases have allowed analytical research using these public databases for secondary data integration and analysis. The present study used bioinformatics data to undertake the integrative analysis of long noncoding RNA (lncRNA), microRNA (miRNA) and mRNA expression to construct a competing endogenous RNA (ceRNA) network in metastatic melanoma. Data from the Cancer Genome Atlas (TCGA), the Gene Ontology (GO) database, and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway were analyzed. The three types of differentially expressed RNAs involved in the regulation of the ceRNA network in metastatic melanoma underwent survival analysis, and patient prognosis was found to be associated with abnormal expression of six IncRNAs, seven mRNAs and five miRNAs.
In the present study, seven differentially expressed mRNAs were identified. CCR9 belongs to the beta chemokine receptor family [16] and its expression has previously been shown to be involved in the intestinal metastasis of melanoma cells [17] . The findings of the present study showed high expression levels of CCR9 in metastatic melanoma, and survival analysis showed that patients with increased CCR9 expression had increased survival times. This finding might be related to the complex immune responses that occur in vivo and also to epigenetic modification in metastatic melanoma. The findings of the present study showed high expression levels of CNR2 in metastatic melanoma. CNR2 is a G proteincoupled receptor (GPCR) for endocannabinoid 2-arachidonoylglycerol that mediates the inhibition of adenylate cyclase and may be active in inflammatory reactions, nociceptive transmission, and bone homeostasis. CNR2 can bind with GPCRs and CXCR4 to form a nonfunctional heterodimer, which anchors tumor cell membranes and inhibits the migration of tumor cells [18] . Bioinformatics analysis also showed that high CNR2 expression was positively correlated with the survival time in patients with metastatic melanoma, indicating that CNR2 might an inhibitory factor during the progression of melanoma. The findings of the present study showed low expression levels of DIRAS2 in metastatic melanoma. DIRAS2 has previously been shown to act as an anti-oncogene that inhibited the growth, migration, and proliferation of ovarian cancer cells in vitro [19] . The results of the present study showed that although DIRAS2 was expressed at lower levels in metastatic melanoma tissues, DIRAS2 expression was positively correlated with survival time. Therefore, studying the regulatory mechanism of DIRAS2 genes might contribute to further understanding of the pathogenesis of metastatic melanoma, as DIRAS2 may a tumor suppressor [20] . The findings of the present study showed low expression levels of ESRP2 in metastatic melanoma. ESRP2, which belongs to the hnRNP family of RNA-binding proteins, modulates alternative splicing events associated with epithelial phenotypes [21] . In this study, although ESRP2 was expressed at lower levels in metastatic melanoma tissues, patients with low ESRP2 expression had increased overall survival, which might be explained by the dual roles of ESRP2 [21] .
In the present study, five differentially expressed miRNAs were all upregulated in metastatic melanoma tissues, including miRNA-29c, miRNA-100, miR-142-3p, miR-150, miR-516a-2, and the upregulation of each differential miRNA was positively correlated with patient survival time, indicating that these five miRNAs might be inhibitory factors of melanoma metastasis.
In previous studies, miRNA-29c has been shown to be downregulated in prostate cancer and non-small cell lung cancer (NSCLC) [22, 23] . Also, miRNA-100 [24] , miR-142-3p [25] and miR-150 [26] have previously been reported to inhibit the proliferation of gastric cancer cells, liver cell cancer cells and melanoma cells in vitro, through the targeted suppression of the CXCR7, LDHA, and MYB genes, respectively. However, the effects of miR-516a-2 have not been previously reported.
In the present study, six differentially expressed lncRNAs, AC068594.1, C7orf71, FAM41C, GPC5-AS1, MUC19, and LINC00402, were identified in patients with metastatic melanoma. High expression levels of the lncRNAs, C068594.1 and C7orf71, which were downregulated in metastatic melanoma, were positively correlated with survival time, and patients with lower expression levels of the lncRNA, FAM41C, had increased survival times.
Lower expression of GPC5-AS1 and MUC19, which were upregulated in metastatic melanoma, and increased expression of LINC00402 were all associated with increased patient survival time. However, these lncRNAs have not been previously reported.
In the present study, cancer-specific miRNAs, lncRNAs and mRNAs in metastatic melanoma were identified by bioinformatics analysis of large numbers of patients with a confirmed tissue diagnosis. Constructing the ceRNA network in metastatic melanoma may identify potential diagnostic or therapeutic targets for melanoma or other types of malignancy. This study has highlighted new approaches to investigate the functions and mechanisms of ceRNAs in human cancers through the use of publicly available genomic data.
Conclusions
Bioinformatics data and integrative analysis methods using a large patient sample size identified long noncoding RNA (lncRNA), microRNA (miRNA) and mRNA expression to construct 2906 a competing endogenous RNA (ceRNA) and patient survival network in metastatic melanoma. These findings support the need for further studies on the mechanisms involved in the regulation of metastatic melanoma by ceRNAs. The use of public genomic data might identify potential therapeutic targets and provide new ways to investigate the functions and mechanisms of ceRNAs in melanoma and other malignant tumors.
